The purpose of this retrospective study was to examine liver tissue from patients with cholestatic disease for the presence of group C rotavirus RNA. The reverse transcriptase-polymerase chain reaction (PCR) for genes 5 and 6 was used, and the PCR products were subjected to liquid hybridization with a 32P-Iabeled probe. A second amplification with nested primers was also used. Samples from 32 subjects (20 with biliary atresia or choledochal cyst and 12 controls) were tested. Ten of 20 biliary atresia patients were positive for group C rotavirus RNA; no controls were positive (P < .003). Three of the positive patients were positive for both genes 5 and 6. Six of the 10 had > 1 sample that was positive. These data suggest a possible relationship between group C rotavirus and extrahepatic biliary atresia in the 10 patients in whom virus RNA was detected.
Extrahepatic biliary atresia (EHBA) and neonatal hepatitis constitute three-quarters of the cases of neonatal cholestasis and are the most common forms of liver disease affecting infants. EHBA, which has the gravest prognosis, is estimated to occur in 6-8 cases/1 00,000 live births. Children with EHBA make up the single largest pediatric group with liver disease requiring transplantation. Although the cause of EHBA is unknown, there is a subgroup of cases (10%-15%) within the overall category ofEHBA that is caused by congenital developmental abnormalities. However, in most instances, the disease occurs as an isolated entity and is considered representative of an acquired condition [1] [2] [3] [4] . Viral agents have been strongly suspected of producing the initial injury, and reovirus type 3 has been implicated as one such factor, but there has been no confirmatory evidence [5] [6] [7] [8] . The present studies were initiated to test the hypothesis that group C rotavirus RNA could be detected in liver samples from infants with EHBA and not from controls.
Previously, we described 2 strains of group A rotaviruses that replicate in the liver and bile ducts of infant mice, causing cholestasis similar to that seen in infants with EHBA [9, 10] . Group A rota virus is the major cause of severe diarrhea in human infants. Non-group A rotaviruses (groups B-G) are morphologically identical to group A but are genetically and antigenically distinct [11] . Group B rotaviruses have been associated with severe outbreaks of diarrhea in adults in China, while viruses in groups D through G have been found only in animals [12] . Group C rotaviruses are important intestinal pathogens in pigs [13, 14] , and they have also been described in association with diarrhea in humans [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . These viruses have worldwide distribution, yet the number of reported posi- Table 1 . Diagnostic and demographic data for patients and controls tive human samples is < 100. There have been sporadic outin a study detecting group C rotavirus in infants with EHBA.
breaks of diarrhea, including two in families, one in which an Birth Age infant died [25] . A larger outbreak involving 7 elementary Patients Diagnosis Sex Birthplace date (days) school populations and their teachers occurred in Japan [24] . Group C rotaviruses have also been described in infants with Biliary atresia diarrhea in several areas of the United States [20, 26] C4: 5'-AGCCACATAGTTCACATTTCATCC-3' beginning at nt and dGTP; 1 M each of a generic primer pair; 2 U of RT; and 2.5 1349) and gene 6 (sense primer C36: 5' -GAGAATGCTTG-U ofTaq polymerase) was added to a final 50-pL reaction volume.
GTGGTGCTT-3' beginning at nt 888; antisense primer C34: 5'-Primer pairs specific for group C rotavirus were selected from AGCCACATTGTAAGCAGTCT-3' beginning at nt 1348) [28, conserved regions of gene 5 (sense primer C 1: 5' -CTCGATGC -29] . Primer pairs were chosen from conserved regions of genes 5 TACTACAGAATCAG-3' beginning at nt 994; antisense primer and 6 that were common in the Cowden porcine strain and a human
Ricpcnhoff-Talty ct a!.
JID 1996; 174 (July) strain of group C rota virus . Positive controls consisted of 2 porcine strains, Cowden and Th4. Solutions were overlaid with mineral oil, and tubes were placed in a thermocycler for an initial 45-min incubation at 42°C followed by 30 cycles at 94°C for I min, 45°C
for 2 min, and n oc for I min. PCR was repeated on 13 samples with primers Beg 9 -End 9, which are specific for the VP7 gene of group A rotavirus [30] , and on II samples with primers R75 (5'-GATGATTAGGCGTCACCCA-3') and R76 (5'-GCTAAAG-TCACGCCTGTCGT-3'), which are designed to amplify the fulllength gene S3 of reovirus 3.
Liquid hybridization. Viral gene -specific probes were hybridized using a modification of the technique described by Ehrlich ct al. [31] . Probes were synthesized from sequences internal to PCR primers and specific to amplified product. They were selected for low guanine-cytosine content and reduced secondary structure, as determined by MacVector (International Biotechnologies, New Haven, CT) [32] . The gene 5-specific probe, beginning at nt 1036, consisted of 40 nt (5' -TCAGTTGACTACTCAATTGTTGCTAA CGTTAGAAGGACT-3'). The gene 6 probe consisted of 39 nt , beginning at nt 1039 (5' -AGATTGAATGATTGCAAGAC-TAAGTATGGTATTGATATT-3'). The synthesized probes for genes 5 and 6 were end-labeled with 32p using T 4 polynucleotide kinase. Thirty microliters of the probe reaction mixture (2.5 X 10 5 CPM probe, 5 f.l.L of 1.5 M NaCl, and H 20 to 30 f.l.L) was added to 20 f.1.L of sample containing amplified cDNA (PCR product). Samples were incubated at 95°C for 10 min, transferred to 55°C heating blocks, and incubated for I h. After incubation, 5 p.L of gel loading buffer containing bromphenol blue and xylene cyanol was added to each sample, and the samples were loaded onto a 5% acrylamide gel and run I h at 200 V in I x TRIS/borate/EDTA buffer. The gel was transferred to Whatman filter paper (VWR Scientific, Rochester, NY) and placed in a heat-sealable bag for autoradiography. Film was exposed for varying periods of time and developed in a Kodak M35 X-Omat processor. Samples were considered positive when bands matching those of the positive control were visible.
Second amplification with nested primers (nested Pt.R). PCR products were amplified a second time using nested primers designed to amplify portions of the DNA generated in the first amplification [30] . The nested primer pair C2 (5' -GCTAACTG-GAGAAGAGACTCAG-3') and C3 (5'-GGGATCATCCACGT-CATGCG-3') was used to amplify an internal 267-bp segment of group C rotavirus gene 5. The following sense nested primers were used in the second PCR with the same antisense primers used for the first amplification: C35 (5' -GTTGAATTGAATCCTG-GACCT-3') for group C rotavirus genc 6, KEIA (5'-GGACCAAGAGAAAACGTAGC-3') for group A rotavirus, and R79 (5' -GCGGAACAGCTTCTGGAC-3') for reovirus 3. The procedure was essentially that described above, except that RT in the reaction mixture and incubation before cycling were omitted . Agarose gels. PCR products from the second amplification were analyzed by electrophoresis in 1%-3% agarose gels, stained with ethidium bromide, and visualized under UV light. A specimen was considered positive when amplified DNA of the expected lengths were produced.
Restriction endonuclease analysis ofnested PCRproducts. Amplified 267-bp cDNA copies from gene 5 obtained in the second amplification with nested primers were analyzed with 18 Ddel, Hindlll, HaeIII, Pstl, Hgal, Kpnl, Sphl, BamBI, Nntl, and Dpni, Ten microliters of product was digested with 2 U of each endonuclease according to the manufacturer's instructions and separated in 2% agarose gel. Porcine group C rotavirus (strain Th4) was analyzed with the virus from patient samples. In addition, results were compared with those predicted for the Cowden strain of group C rotavirus for which the nucleic acid sequence of gene 5 is known [33] .
Negative-stain electron microscopy (EM). Direct EM was done on patient fecal samples according to a previously described method [34] . The prepared grids were examined with an electron microscope (Electron Optical 100S; lEOL, Tokyo). Fecal samples were also incubated with serum from patient BAI prior to being processed and examined.
Results
Liver, bile, bile duct, and fecal samples from 10 of the 20 patients with either EHBA (18) or a choledochal cyst (2) were positive for group C rotavirus RNA. None of 12 liver samples from disease controls were positive (P < .003; Fisher's exact test). peR with primers specific for gene 5 or 6 of group C rotavirus was done on 40 samples, including samples of liver from 19 patients and 12 controls, bile duct from 1 patient, bile from 3 patients, and stool from 5 patients.
The results of liquid hybridization and gel retardation on first-amplification PCR products for gene 5 for I patient, I control, and three dilutions of group C rotavirus are shown in figure I . Table 2 shows results of liquid hybridization and second amplification with nested primers on all liver samples for both genes 5 and 6 of group C rotavirus. In addition, the results of RT-PCR for the VP7 gene of group A rotavirus are shown. Not shown in table 2 are results from samples other than liver samples. Stool samples from patients BAI, BA4, and BA9 were positive for gene 5 of group C rota virus; samples from patient BAIl were negative. Stool sample from BAI5 was positive for gene 6 but was not tested for gene 5. Bile samples from BAI2 and BAI5 were positive for gene 5, and BA 12 was also positive for gene 6. Samples from BAl5 were not tested for gene 6. There wa s excellent association between liquid hybridization and nested PCR (P < .00 I; Fisher's exaet test). There were no discrepancies with gene 5 assays; however, nested PCR was the more sensitive assay for gene 6 confirmation, producing bands in 3 samples (liver samples from patients BA9 , BA II, and BA 15). Sinee patient BA II was positive only for gene 6 by nested PCR, this patient was not considered ABCDEFGH J Control  1  2  NT  NT  NT  NT  3  NT  NT  NT  NT  4  NT  NT  NT  NT  5  6  NT  NT  NT  NT  7  NT  NT  NT  NT  8  NT  NT  NT  NT  9  NT  NT  NT  NT  10  NT  NT  NT  NT  11  NT  NT  NT  NT  12  NT  NT  NT  NT NOTE. LH, liquid hybridization; NP, nested polymerase chain reaction; NT, not tested.
* Sample of common bile duct.
positive for group C rotavirus. There was a much higher frequency of detection for gene 5 than gene 6 by both liquid hybridization (gene 5: 16/39; gene 6: 3/18) and nested PCR (gene 5: 15/21; gene 6: 7/18). Samples from 13 patients and controls tested by nested PCR for group A rotavirus and 11 samples from 9 patients and 2 controls tested for reovirus 3 were negative in our assays. A further confirmation for the detection of group C rotavirus involved restriction endonuclease analysis of PCR products of gene 5 on samples from 2 patients. Amplified 267-bp cDNA copies obtained in the second amplification using nested primers on amplified product from liver and fecal samples from patients BA1 and BA4 and from the positive control Th4 strain were analyzed with 18 restriction enzymes. Restriction sites were expected at the residues shown in parentheses after digestion with 6 figure 4 . The restriction patterns obtained from patient samples ( figure 4A ) were in accordance with the pattern expected for the Cowden strain, suggesting that they were group C rotavirus. However, as shown in figure  4B , lanes H and I, the restriction patterns for the samples from patients BAI and BA4 differed from that of the control Th4 strain (lane J), at least with one endonuclease, PstI, and perhaps with another, AluI ( figure 4B, lanes B and D) .
Rotavirus-like particles were visible in fecal samples from 2 of 4 group C rotavirus RT-PCR-positive patients (BA1 and BA4). These samples were negative for group A rotavirus by direct EM, immune EM, and nested PCR. No particles were visible in samples from patient BAll, who was negative for group C rotavirus by RT-PCR. An electron micrograph of a particle visualized in a sample from patient BA1 is seen in figure 5 . The positive samples were collected from patients BA1 and BA4 at 13 and 15 days of age, respectively. The negative samples were collected from patients BA9 and BAl2 at 60 and 65 days of age, respectively.
Discussion
The finding of group C rotavirus RNA in 10 patients but not in 12 controls suggests that a relationship may exist between this virus and the presence of biliary atresia in these 10 infants. However, with the data presented here, we do not attempt to establish group C rotavirus as the cause of EHBA; we only provide evidence that the virus was or was not present in the samples tested.
RT-PCR is useful for the detection of viruses like human group C rotavirus, which are very difficult to cultivate. However, only 1 fecal sample contained sufficient viral nucleic acid to allow detection on ethidium bromide-stained agarose gel. In all other cases, a specific probe in liquid hybridization or a second round of amplification with nested primers was required to detect the specific sequences. Liquid hybridization increases the sensitivity by 100-fold over ethidium bromide-stained agarose gels [35] . Specificity is also increased because the assay requires hybridization of a specific probe to the amplified product.
The difference in sensitivity of RT-PCR for genes 5 and 6 is based on many variables, with the efficiency of priming clearly a major factor. For the confirmatory PCR, the use of two internal primers for gene 5 as opposed to a single internal primer for gene 6 probably accounted for the higher frequency of detection of gene 5 than gene 6 sequences, as nested PCR is usually more sensitive than semi-nested PCR. However, the semi-nested PCR was more sensitive than liquid hybridization for the detection of gene 6 PCR products. Gene 5 codes for the major inner capsid protein of group C rotavirus, while gene 6 codes for a non structural protein equivalent to NS34 of group A rotavirus [33] .
The differences seen in the restriction endonuclease digestion patterns of the patient and control virus RNA suggest that the virus detected was not contamination from the control. Other evidence that suggests that these findings were not the result of contamination is the detection of both gene 5 and 6 in samples from 3 patients. Six patients had other samples, in addition to liver samples, from which group C rotavirus was detected, again suggesting that contamination was unlikely. Repeat RT-PCR with at least one confirmation assay was positive on samples from all 10 positive patients. Sequencing of the viral gene fragments detected in the patient samples could provide additional support for our findings. However, the paucity of sample and PCR product remaining after the studies described here has prevented carrying this out.
Other supporting evidence for the presence of virus comes from the detection of distinctive rotavirus particles in fecal samples from 2 infants who had group C rotavirus -positive liver and fecal samples by RT-PCR. The samples that were positive were negative for group A rotavirus. These samples were obtained from infants at~2 weeks after birth. Three additional fecal samples, in which virus was not detected by EM but that were positive by RT-PCR, were obtained from 2-month-old infants. Perhaps, when the infants were 60 days old, there were very few intact viral particles that could be visualized by EM but enough viral nucleic acid to detect by RT-PCR.
In these studies, amplification assays were negative for group A rotavirus and reovirus 3. On the basis of studies in mice and human infants, reovirus type 3 has been suggested as a causative agent of biliary atresia. However, additional data have not confirmed these results [5 -7] . A recent report describes an inability to detect reovirus 3 by RT-PCR in preserved hepatobiliary tissue from 34 infants with either biliary atresia or idiopathic neonatal hepatitis [8] .
All 10 group C rotavirus-positive patients were born between July and December, and 6 of 9 negative patients were born between January and June; all 5 controls born between July and December were negative for group C rotavirus. In another study, group C rotavirus was detected in 16 infants in Rhode Island in the following months: 12 between January and May, 3 in December, and 1 in July [26] . Perhaps hepatotropic group C rotavirus circulates before the larger outbreak of group A rotavirus or gastrointestinal group C rotavirus. EHBA also demonstrates time and space clustering, with clusters in fall and spring [36] . It remains to be seen if group C rotavirus will be shown to be associated with a fall cluster, and perhaps another agent will be related to the cases occurring in spring.
The primers we used in the RT-PCR successfully recognized sequences from viruses in New York (Buffalo and Rochester), Colorado, Connecticut, Illinois, Indiana, Pennsylvania, and Sweden. Are there corollaries between the worldwide distribution of group C rotavirus in the face of infrequent, even rare, detection in outbreaks of diarrhea and the infrequency but worldwide distribution ofEHBA? Emerging seroepidemiologic data show an incidence (from 3% to 40%) in group C rotavirus infection in certain areas of the world [37, 38] . Likewise, we have unpublished serologic data that 31% of 370 women of childbearing age in western New York were positive for group C rotavirus IgG.
There are too many unanswered questions to attempt an hypothesis concerning the relationship of group C rotavirus and biliary atresia; however, some possibilities present themselves. First, perhaps the efficient spread of this virus is only accomplished by close intimate contact, such as vaginal delivery of an infant by an infected mother or close contact with an infected sibling. Second, the infant is only susceptible for a short period of time, perhaps only days. This might account in part for the low incidence of biliary atresia. The virus infection of the bile duct epithelium produces the inflammation and inflammatory mediators that are the initial insult and which rapidly results in the edema and irreversible narrowing of the extrahepatic bile ducts (and in many cases, the intrahepatic system as well). The immaturity of the neonate's immune system combined with the acute stage of infection, complete with the shedding of large amounts of virus, allows the infection to be established with the resultant pathology. Further studies are needed to define the role that group C rotavirus may have in its association with EHBA. It is also unknown how many additional factors are relevant. Recently, on the basis ofHLA typing, the possibility of a genetic predisposition to biliary atresia has been raised [39] .
It is hoped that as additional information is gained, greater insight into pathogenetic mechanisms will allow the development of effective therapeutic and preventive measures to combat this devastating disease.
